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EXPERIMENT  OP  DEVELOPING  TV/G-DIMENSIONAL  ANTE  I IA  LATTICES 
RANDOM  ARRANGEMENT  OP  TRANSMITTERS  (PART  TI ) 

L.  L.  Bazerlyan,  0.  A.  Inyutin,  L.  G.  Sodin 


V.'ITH 


Configuration  of  lattice  and  arrangement  of  antenna  elements 

The  ra-re^ied  antenna-lattice  described  below  v:as  developed  v.’ith 
the  purpose  of  using  it  in  a radiotelescope  with  a range  of  2 0 — h 0 
MHz.  Mide-band  vibrators,  described  in  [1],  are  used  In  the  antenna 
as  transmitters.  The  bear  op  the  antenna  is  guided  electrically 
alonr  two  anpular  coordinates;  alonr  one  coordinate  (v)  the  beam 
s win ring  sector  was  selected  as  equal  to  +1,  and  alonr  the  second 
(u)  - +0.707.  In  connection  with  this,  we  took  the  Initial  lattice 
with  a distance  between  units  of  4 n (alonr  v)  and  5 m (alonp  u)  . 
This  was  done  so  that  the  antenna  had  a nonolobe  DN  (voltare  divider) 
on  the  shortest  wave  in  the  entire  sector  of  beam  swinging.  The  di- 
mensions of  the  lattice  alonr  both  axes  were  taken  as  nearly  Iden- 
tical (425  and  420  n),  and  the  number  of  units  wa s , respectively, 

•1^  = 105  and  ;i2  = 85.  The  full  number  of  units  NpIo^BoSS.  The  level  of 
side  lobes  of  the  antenna  were  taken  as  equal  to  If  according  to 
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power  (z=0.1).  Here,  we  take  these  criteria  for  levels:  the  number 
o'*  emissions  in  each  cross  section  of  the  :),1  above  level  z = 0,l  nust 
averape  ‘3-13.  In  connection  with  this  renuir  orient,  it  was  determined 
accordinp  to  the  formulas  in  part  I,  that  ".=  230  is  su^ic lent . Ac- 
tually, 23 6 transmitters  are  arranged  in  the  area  or  the  antenna. 

The  arranpenent  was  done  in  the  follov/inp  manner.  All  the  units  of 
the  lattice  are  treated  senuentially  line  by  line  ‘’ron  le**t  to  rirht 
here,  the  numbers  '’ron  the  table  or  random  uniformly  distributed 
numbers  [2]  are  compared  for  each  unit.  If  it  turns  out  that  for 
each  unit  the  previously  pathered  combination  of  numbers  was  com- 
pared with  the  probability  of  its  occurence  near  value  '.J  , , then 

a vibrator  Is  positioned  in  it.  A^ter  all  23 6 transri tte  -s  were  thus 
arranped,  about  20,1  on  then  were  removed,  since  several  close  proup- 
inps  were  rormed  in  the  distribution  of  the  vibrators.  They  were 
amain  arranped  on  the  lattice  in  such  a manner  that,  wherever  no  •. si- 
ble,  the  fluctuations  o ” vibrators  in  the  main  and  diagonal  direc- 
tions were  smoothed  out.  The  f,inal  distribution  of  transmitters  is 
piven  in  ^ipure  1. 

Footnote:  Coordinates  u and  v v;ere  determined  in  nart  I of  the  work. 


fee  ^ i pure  1 on  next  name. 
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'rime  systems  or  phasinp,  which  permit  accortolishl nr  Prenuency— 

. 

independent  control  o^  the  bean,  were  developed  in  the  use  of  an- 
tennas with  re pul nr  arranrenent  nr  transmitters  [3,4].  As  shown  in 
[5],  the  use  op  a tier  scheme  nr  addition  and  phasinr  o^  sipnals 
topether  with  nonsvnchronous  chanpe  oP  phase  jn  the  tiers  permits 
substantial  simplification  or  the  antenna  scheme.  Unfortunately, 
it  is  impossible  to  use  the  sequential  tier  structure  of  the  scheme 
'’or  non-eouidistant  antennas.  An  analysis  o'*  the  many  variations  of 
the  scheme  showed  that  the  optimal  is  the  Pollowinp.  The  entire  lat- 
tice is  split  up  into  a number  o'*  identical  rectanpular  sections 
(see  ^ir.  1),  so  that  there  were,  on  the  averape,  about  Pour  elements 
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In  each  nr  then.  All  the  transmitters  In  a section  were  t!ien  added 
and  phased  to  Its  geometric  center.  In  other  words,  the  scheme  or 
phaslnr  a section  is  accomplished  so  that,  in  any  direction  or  the 
beam,  the  phase  o°  its  total  sipnal  equals  the  phase  o*’  the  hypo- 
thetical transmitter  installed  in  its  center.  After  this,  the  entire 
antenna  is  eouivalent  to  the  system  with  regular  arrangement  o°  the 
transmitters,  the  number  of  which  is  eoual  to  the  number  of  sections, 
and  phaslnr  can  Le  done  accordinr  to  the  principles  described  in 

13, *,51. 

The  number  op  sections  equalled  75  (5  per  u and  15  per  v).  ^ir- 
ure  2 rives  the  circuit  of  phaslnr  sirnals  in  one  nr  the  sections. 

The  circuit  ensures  control  or  the  beam  alonr  two  coordinates  u and 
v,  ^n  which  regard,  alonr  each  of  the  coordinates,  the  beam  is  inde- 
pendently controlled.  nnr  this,  there  are  separate  phase  shi/'ters^ 
for  u and  for  v,  each  of  which  is  dependent  on  a full  sector  of 
chanrinr  the  correspondinr  coordinate.  The  phase  shifter  In  ”ir.  2a 
ensures  addition  and  phaslnr  o'*  transmitters  it  ’ s 157,  158,  159,  and 
1 ho , the  arrangement  of  which  in  the  section  is  shown  in  Tig.  2b. 

In  the  first  stare,  the  phases  of  transmitters  are  ned  by  separate 
commutated  delav  lines  to  the  phase  of  a vertical  line,  pnssinr 
through  the  reometric  center  of  the  section.  The  corresponding  delay 
lines  have  'hive  binary  dirits,  which  rives  32  positions  of  the  beam 
of  a section  in  the  sector  - 0 , 707^_u<_0 . 707 . After  phaslnr  with  re- 
spect to  u,  the  signals  of  the  transmitters  hos.  159  and  lGO  are 

' 

added  (these  transmitters  lie  on  one  horizontal)  and  further  throe 
fivc-difit  delav  lines  phase  the  section  with  respect  to  v.  All  the 
transmitters  are  joined  with  the  phase  shifters  of  the  sections  by 
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oscillations  of*  eoual  length,  and  the  difference  in  average  lengths 
of  the  pin  no  shifters  of  the  sections  are  compensate  i by  the  addi- 
tional lengths  of  cable  which  are  included  at  the  outputs  o'1  the 
sect  i ons . 

•\n  alternative  to  that  described  can  be  the  system  of  phasing 
without  dividinr  the  phase  shifters  along  u and  v.  , phase  shifter 
of  a transmitter  with  coordinates  (k,  1)  here  must  be  controlled  by 
a signal  proportional  to  (ku+lv).  This  system  gives  some  economy 
(by  approximately  1.7  tines)  o°  the  delay  cable  and  commutating 
elements,  although  the  complexity  of  the  formation  of  the  control 
signal  (it  depends  on  the  transmitter’s  coordinates)  makes  the  use 
o*  the  system  difficult. 

’ootnote  1:  Phase  shifters  of  the  discrete-binary  commutation  type 
v’ith  cable  delay  lines  use  a high-frequency  relay  dLhf-3  as  the 
switching  elements  [ h ] . 

Phasing  o'*  signals  or  the  sections  is  move  expediently  done  in 
the  CTollowinr  manner: 

a)  f'roup'5  o'*  five  contiguous  sections  along  v are  added  and 
phased  ( "pentads" ) ; 

b)  groups  of  three  "pentads",  forming  a c< lunn  along  coordinate 
v,  are  added  and  phased,  and  here  the  entire  antenna  leads  to  five 
columns  along  v; 

c)  two  outer  columns  from  the  left  and  two  outer  columns  from 
the  right  are  added  and  nliased  together; 

d)  three  sublattices  are  added  and  phased,  two  of  which  consist 
of  two  columns  each,  and  the  third  - of  one.  Since  all  these  systems 
are  constructed  according  to  those  princinles  described  it  [3,^,5], 


there  is  no  detailed  lnpornation  on  them  here;  let  us  only  note  that 
the  full  number  or  nhase  shifters  necessary  for  controlling  a beam 
1 e 07 
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\’e  must  note  that  since  individual  phasinr  of  the  signal  '’fom 
each  transmitter  is  necessary  in  a noneouidistant  lattice,  the  re- 
ouired  amount  nn  cable  and  svrltching  relays  depends  on  the  selection 
or  addition  and  phasing  scheme.  For  the  studied  antenna,  a delay 
cable  or  22.5  km,  a commutation  cable  of  13.^1  km,  and  a commutation 
relay  of  1515  nieces  are  reouired.  \ 

It  is  interesting  to  compare  them  with  the  corresponding  values 
in  equidistant  T-shaped  antenna  which  is  most  economical  according  j 

to  the  number  of  antenna  elements.  A T-shaped  antenna  which  is  equi- 
valent according  to  resolution  must  consist  of  an  arm  with  35x2=170 
transmitters  along  coordinate  u and  an  arm  with  105  transmitters 
along  coordinate  v;  in  all,  it  must  contain  275  elements.  The  optimal 
phasing  system  or  this  antenna  must  consist  on  O phase  shifters. 

’-’or  that,  a delay  cable  of  ^.5  km,  a commutation  cable  of  13.^  km, 
and  a commutation  relay  or  153.5  pieces  are  required.  A comparison  of 
the  data  shows  that  the  phasing  system  of  a noneouidistant  antenna 
is  much  more  complex  than  a system  of  phasing  or  a T-shaned  (antenna). 

But  this  deficiency  in  a number  of  cases  is  not  resolving  since  a 
noneouidistant  lattice,  according  to  several  parameters  (see  below), 
has  advantages  in  comparison  with  the  maximally  rareried  equidistant 
antennas , 

Diagrams  o"  Directivity 

nor  the  studied  lattice,  we  computed,  on  a computer,  six  cross 
sections  of  a DH^ : two  main  cross  sections,  two  diagonal,  and  tv:o 
”ontnnte  1:  Here,  transmitters  of  the  lattice  are  proposed  as  isotropic. 
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intermediate.  The  DTI  * m (with  respect  to  field)  ere  riven  in  ^ig.  3n 
(rield  o"  main  lobe)  end  3b  (field  of  side  lobes).  Uonr  the  x-axis 
we  set  sines  of  the  anrles  between  the  direction  in  space  and  the 
normal  to  the  lattice  plane  (for  nave  10  m f’  = 39  i'ilz),  equal  to 
u-  + u*.  . Bach  hi.'  is  constructed  for  half  of  its  period  (the  D,'J  is 

the  odd  '’unction  relative  to  the  direction  of  the  main  maximum).  On 
all  the  graphs  v.’c  denote  the  average  (according  to  the  riven  reali- 
zation) values  of  the  level  of  the  field  (level  z,  "ip.  3b).  It  is 
apparent  that  the  main  lobes  of  all  cross  sections  coincide  with 
lira  eccuracv.  In  the  region  or  side  lobes,  the  D’J's  are  approxima- 
ted by  the  jelective  functions  of  the  Rayleigh  random  process.  En 
support  o n this,  in  "lrure  if  ve  have  constructed  curves  of  accumu- 
lated '’reeuenc ies  'nr  cross  sections  'r  and  VI;  also  there,  ve  rive 
the  integral  curve  o'*  Oa-’leirh  distribution . The  selected  dispersions 
op  'or  each  cross  section  are  computed  according  to  the  average 
o.ia  irant  and  the  average  value  o"  the  Dd.  Both  variations  of  calcu- 
lations (j |/ -j- a;  *•  — 2o* j rave  values  a,  differing  by  no  more  than 
■!;  . 'e  further  used  values  o,  determined  by  zd . Theoretical  values 
'cr  the  antenna  with  i*i»J2*^975,  >2(j6 

„LVrJ.-j«  -0.044. 

I I)  J . 

\ comparison  o°  the  selected  dispersions  with  the  theoretical  values 


is  given  in  Table  1 (index  indicates  the  number  of  the  cross  section). 

The  dispersions  which  are  low  in  comparison  with  the  calculated 
data  in  the  main  and  diaronal  cross  sections  are  explained  by  the 
fact  that  correction  o"  the  arrangement  of  transmitters  was  conduc- 
ted so  that  the  density  on  the  transmitters  In  these  cross  sections 
"as  more  uniform.  On  the  whole,  coincidence  of  a with  statistical 
calculation  is  sufficiently  good. 
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'.’he  anticipated  averare  number  op  emissions  frcr  the  DM  above 
level  »=*.),  1 for  each  croc:;  section  is  equal  [see  (12),  r.odin  arti- 


cle, par4-  T,  in  this  issue]: 


n “ V i VN'Nt  ~ x 

Xe*p(— 2?)~8- 


'.’here  are  practical!’'  no  emissions  in  cross  sections  I,  II,  and  17 
of  th<  DM  al  c re  level  0,1  (emissions  with  u<  0 . Ob  arc  connected  Ith 
the  average  DM  which  has  the  first  side  .lobe  0.21,  the  second  - j . 1 '• 
’•■ith  respect  to  field);  in  cross  sections  III,  7,  vi  the  number  of 
emissions  equals,  respectively , 3,  8,  and  7;  these  data  also  support 
the  correctness  o'’  the  basic  hypotheses  made  with  the  conclusion  of 
'’or’-ulas  on  the  rrecedinr  article, 
j * -active  Jain 

directive  rain  or  a nonenuidistant  antenna  with  random  arranpe- 
ment  o'*  transmitters  can  be  calculated  in  the  followinr  manner.  By 


ipf/>  i n 1 n r* 


D(ut,  vt) 


< nF{ut,  o,) 

«*+0*<l 


v.'here  r - diarram  o°  directivity  accordinr  to  power,  Uq,  v(  - 
direction  o'’  main  maximum  of  DM.  Let  us  indicate  r7  for  DM  (accor- 

M 


dinr  to  pov:er  of  the  sinqle  transmitter,  T’ri  '’or  DM  of  lattice  mul- 
tiplier. DM  of  the  antenna  will  be  put  in  the  form 

F(u,  v)-F,(u,  v)F, («—«,.  o— ot)-Fa(u,  »)  X 
xlF(«— u*.  o— v,)+AF(u,  »)]. 

Here  f - averare  DM,  enual  to  the  DM  of  a filled  lattice,  A’7  - fluc- 
tuation component. 
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”ith  resoect  to  this  expression  'or  the  j;  I we  obtain 


D. 


r.rp 


dudv 


Y i — «*— u* 


f,LF 


dud o 


V 1 - J-C* 


4nFH(u„  o,) 


4nF,{ut,  o.) 


Without  notioeable  errors  on  the  strength  or  the  ergodiclty  o' 
the  Dh'  (nee  nodin  article,  part  I or  thin  1ssue)the  averages,  ncccr- 
di nr  to  space  and  set,  coincide,  and  in  the  second  component  we  can 
denote  A!’  by  its  average  value 


if,  Nt  Nt  — M 
M{NtNt-l) 

Then 


I N,N,-M  J_  ’ 
D0  +M(JV,yV,_  |)  D„ 


'■/here  D - directive  rain  of  a sinrle  transmitter,  Iv.  - directive 
pain  of  a ‘'ally  '’illed  antenna. 

^or  3tronrlv  rarefied  antenna  D.»— 0.  *nd 

|A/|  *“  Af 

D*MD„.  With  Af— D— ►D*. 

Physically,  the  latter  eouation  is  explained  1 v the  extremely 
weak  interconnection  transmitters  in  the  rarefied  lattice. 

T;,or  an  illustration,  ^igure  5 rives  the  values  of  D for  the 
developed  antenna  with  X=10  r.  As  a transmitter  we  took  a dipole, 
positioned  at  a heirht  of  2.9?  m above  the  ideal  screen.  This  figure 
also  rives  the  directive  gain  values  computed  in  [6]  of  the  two  arms 
of  a T-shaped  antenna  with  the  same  resolution  power  at  the  same  ele- 
mentary transmitter.  As  is  known,  in  modulation  conditions  the  di- 
rective gain  of  a T-shaped  antenna  is  enual  to  the  average  geometric 
directive  gain  of  the  arms,  ’"’rom  Figure  5 it  is  apparent  that  there 
are  advantages  of  antenna  with  random  arrangement  of  the  elements. 
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Conclusions 

! * 

1.  Calculation  o'*  the  DII  o°  concrete  realization  of  a rarefied 

W 

antenna  with  randon  arranrerent  of  elenents  showed  coincidence  with 
the  theory  riven  in  the  first  part  on  the  work. 

2.  The  developed  variation  of  phasinr  transmitters  which  is 
clone  to  optlr.nl  permitted  construct inr  -an  antenna  scheme. 

3.  Directive  rain  of  nonenuidistant  antenna  proves  to  be  higher 
than  directive  rain  of  a T-shaped  antenna  which  is  equivalent  v;ith 
respect  to  widtji  of  the  bear,  by  approximately  two  tines. 
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